Metallic nanoparticles are one of the most produced and used engineered nanomaterial and their wide applications lead to environmental contamination. The aquatic environment is the major recipient of wastes containing nanoparticles and other co-occuring contaminants. We aimed to evaluate genotoxic and biochemical effects of acute exposure to nano-TiO 2 in the fish Hoplias intermedius and the interaction to metals. Besides assessing the nanoparticles' physical-chemical properties we performed an acute exposure with 0.1; 1; 10 µg g -1 nano-TiO 2 , alone and with lead (21 µgg -1 ) and aluminium (50 µgg -1 ). A set of biomarkers were evaluated in the liver such as genotoxicity by comet assay and biochemical biomarkers (SOD, CAT, GPx, GSH, EROD, GST). Most of the biomarkers were altered by the metals, and the nanoparticles caused decrease in SOD (0.1 and 1µg g -1 ), GSH (1µg g -1 ), and GST (0.1 µg g -1 ). In co-exposure, some metal effects were attenuated. There was an increase in EROD activity for most co-exposure groups. Nano-TiO 2 was not genotoxic in the experimental conditions. We did not observe any increase in DNA breaks in co-exposure, although, nanoparticles changed the response of some biochemical biomarkers.
INTRODUCTION
Titanium dioxide nanoparticles (Nano-TiO 2 ) is one of the most produced and used engineered nanomaterial (ENM) worldwide, with an annual production in United States of about 10,000 tonnes per year (Sun et al., 2014; Vance et al., 2015) . Nano-TiO 2 has a broad application mostly in coatings, paints, pigments, electronics, optics, cosmetics, energy, environmental applications, and as catalysts . The extensive production increase and use of ENM will lead to environmental exposure by the generation of effluents or wastewaters, raising concern over environmental risks and impacts of nanotechnology (Clemente et al., 2012) . NanoTiO 2 is the most significant ENM in terms of exposure, based on estimated release and use. Keller and colleagues (2013) estimated that 63-91% of over 260,000-309,000 metric tons of global ENM production in 2010 ended up in landfills, released in different compartments, such as into soils, water bodies, and atmosphere.
The care about environmental risks of ENM are raising, however, currently not much is known about their concentrations in the environment. In aquatic ecosystems, nano-TiO 2 may adsorb co-occurring chemical stressors, such as Cu(II), Cr(III), Mn(II), Ni(II), Zn(II), Cd(II), Mo(VI) and alter their uptake (Kaur & Gupta, 2009; Tan & Wang, 2017) . Zhang et al. (2007) found that carps exposed to cadmium in the presence of nano-TiO 2 accumulated 146% more Cd than controls. Nonetheless, there is little information about nano-interactions with others metals such as lead (Pb) and Aluminium (Al), considering that those two metals are commonly widespread at polluted environments.
Some research has shown that nanoparticles can readily penetrate a variety of cells, as their small size facilitates uptake across epithelial and endothelial cells (Kumar et al., 2011; Tavares et al., 2013) . Evidence suggests that nanometals can cause a range of sublethal effects in fish, including respiratory toxicity, disturbances to trace elements in tissues, inhibition of Na + K + -ATPase, and oxidative stress . A study suggests that toxicity is greatly increased by harmful metals that go along with nanoparticles. A combination of metal and nanoparticle would be able to exceed the membrane barrier, and generate reactive oxygen species (ROS) within the cell, which is the most known kind of damage that nanoparticles could cause .
Both Pb and Al are well known chemicals, applied in a wide array of commercial and industrial applications, and have been widely studied (Klingelful et al., 2015; Rybak et al., 2017; Saghazadeh & Rezaei, 2017; Ferraro et al., 2004) .
Although the findings in the scientific literature are controversial about the toxicity of nanoparticles, information over safety and potential hazards is urgently needed. In this study, we selected the freshwater fish Hoplias intermedius as a test organism due to its importance as a top predator in the food chain, human consumption, and wide occurrence, especially at the Rio Doce watershed, in Brazil. Within this context, the aim of the present study was to investigate the genotoxic and biochemical effects caused by nano-TiO 2 and metals (Pb and Al) co-exposure after acute treatment on a freshwater fish.
MATERIAL AND METHODS

Chemicals
The nano-TiO 2 used in this study was purchase from Sigma-Aldrich ® [Titanium (IV) oxide nanopowder, 21 nm particle size (TEM), ≥99.5% trace metals basis] (Fig. 1) . Nanoparticles suspensions were prepared in ultrapure water at the range of 0.01, 0.1, to 1.0 mg mL -1 . Immediately before exposition, the suspensions were sonicated in the ultrasonic bath (60 Hz) for 30 minutes for dispersing and to avoid aggregation. The stock solutions of lead and aluminium were prepared in ultrapure water at concentratios of 2.1 and 5.0 mg mL -1 , respectively. The dose of lead, 21 µg g -1 , applied in the present experiments was previous demonstrated to be effectively genotoxic by comet assay for both erythrocytes and kidney cells of a fish especie in the genus Hoplias (Ramsdorf et al., 2009) . The dose of aluminium was based on a previous work of Costa (2011) , where this dose of aluminium increased significantly the DNA damage on erythrocytes and hepatic cells of the fish Rhamdia quelen.
Characterization of nano-TiO 2
Transmission Electron Microscopy (TEM) and X-Ray Diffraction technique were used for the nanoparticle powder description. Zetasizer ® Nano Series ZS90 (Malvern Instruments, Worcestershire, UK) was used to evaluate physical-chemical properties of the suspensions.
Experimental Design
The freshwater fish Hoplias intermedius were donated by the Pisciculture and Hydrobiology Station of Furnas. Once in the laboratory, they were housed in tanks (2,000 L) equipped with water filters and air pumps, and filled with dechlorinated water, for acclimatization during 2 months. They were fed everyday with supplemented commercial feed. The fish (15 per treatment) were randomly selected and distributed individually in 18 L tanks. Experiments were carried out under 27±1ºC and 12:12 light-dark cycle. The average weight of the animals used in the experiment was 15.31±3.99 g and size 12.86±1.2 cm (mean and standard deviation). None of the fish died during the experiment. As the exposure route, we choose intraperitoneal injection as a way to guarantee the correct delivery of the dosage proposed, especially treating with nanomaterial that tend to aggregate and disperse in aqueous exposure. The treatments were: Negative control (NC); Lead (Pb) 21 µg g ; nanoTiO 2 0.1 µg g -1 (NP1); nano-TiO 2 1.0 µg g -1 (NP2); nanoTiO 2 10 µg g -1 (NP3); and the co-exposure: Pb+NP1; Pb+NP2; Pb+NP3; Al+NP1; Al+NP2; Al+NP3. The animals received the intraperitoneal injections and 96 hours later they were anaesthetized with 150 mg L -1 of benzoacaine (Gontijo et al., 2003) to collect the liver samples. The animals were not fed throughout the experimental period. We performed out all the procedures in accordance with animal welfare, approved by the Ethical Committee in Animal Experimentation of Federal University of Paraná, under the protocol 977/2016.
Comet assay
The alkaline single cell gel electrophoresis test was carried out according to Singh et al. (1988) with modifications by Ramsdorf et al. (2009) . A tiny piece of liver tissue (10 µg) was mechanically desegregated in 500 µL of fetal bovine serum. Then 30 µL of the suspension were mixed with 120 µL of low melting point agarose (LMP) 0.5% (0.1g agarose, 20 mL phosphate buffered saline-PBS) and immediately placed on a slide pre-coated with normal agarose 1.5% (1.5 g, 100 mL PBS), covered with coverslip and kept refrigerated for 10 minutes. Subsequently, the coverslips were removed and the slides were placed in lysis solution (10 mM Tris ; 100 mM dimethylethylene acetic acid (EDTA); 2.5 M chloride sodium (NaCl) ; dimethyl sulfoxide (DMSO) 10%) for 24 hours. After that, the slides were kept in alkaline buffer solution [300 mM sodium hidroxide (NaOH); 1 mM EDTA] for 25 minutes to unwinding the DNA and then electrophoresis was performed for 25 minutes at 25 volts and 300 mA. The slides were neutralized with a pH 7.4 buffer and fixed with absolute ethanol for five minutes. Comet formation was observed using a LEICA ® epifluorescence microscopy after ethidium bromide staining. For each fish, 100 nucleoids were counted and visually categorized according to damage, ranging from class 0 to 4 (Collins et al., 1997) , and a score was calculated with the sum of nucleoids number of each class multiplied by its respective class.
Biochemical analysis
Samples of liver were thawed on ice, weighed, and homogenized in potassium phosphate buffer (0.1 M pH 7.0) 1:10 (w/v), and then were centrifuged at 15,000 × g for 30 minutes at 4°C. The supernatants were stored at −80°C until further analysis.
Superoxide dismutase (SOD)
We measured the SOD activity by analyzing the ability of SOD to inhibit the autoxidation of pyrogallic acid (Gao et al., 1998) , at 440 nm, in spectrophotometer. The supernatant was diluted 1:10 (v/v) in 0.1 M potassium phosphate buffer (pH 7.0). In a microtube, 885 µL of buffer (1M Tris, 5 mM EDTA, pH 8.0) and 40 µL of sample were added. After agitation, we added 50 µL of 15 mM pyrogallol and the solution was incubated for 30 minutes. The reaction was stopped with 25 µL of 1N HCl. SOD activity was expressed as U mg -1 of protein. We described the amount of enzyme required to cause 50% inhibition as a unit of SOD.
Catalase (CAT)
We determined the CAT activity by the Aebi method (1984) , which is based on the consumption of exogenous H 2 O 2 by CAT, generating water and oxygen, with a gradual decrease in absorbance at 240 nm. The supernatant was mixed with a reaction medium (295 µL; 20 mM H 2 O 2 , 50 mM Trisbase, 0.25 mM EDTA, pH 8.0) in a microplate and absorbance decrease was measured for 1 min at 27°C and the activity was expressed as µmol min -1 .mg of protein -1 .
Glutathione Peroxidase (GPx)
We analyzed the GPx activity following the indirect method (Paglia & Valentine, 1967) , from the reduction of oxidized glutathione (GSSG) to GSH in the presence of NADPH by glutathione reductase (GR) and a decrease in absorbance at 340 nm. Volumes of 10 µl of supernatant and 130 µl of reaction medium (3.08 mM of sodium azide; 0.308 mM β-NADPH, reduced nicotinamide-adenine dinucleotide phosphate; 1.54 U ml -1 glutathione reductase and 3.08 mM reduced glutathione in 0.1 M sodium phosphate buffer, pH 7.0). After two minutes, we added 60 µL of 1.5 mM H 2 O 2 . The activity was expressed as nmol min -1 .mg of protein -1 .
Glutathione reduced (GSH)
The concentration of GSH was determined by the Sedlak & Lindsay method (1968) . A volume of 50 µl of supernatant (after protein precipitation by 50% trichloroacetic acid and centrifugation at 10,000 x g for 10 min at 4°C) and 230 μL of TRIS (0.4 M, pH 8.9) were placed in a microplate, followed by addition of 20 μL of 2.5 mM DTNB in 25% methanol. Absorbance was determined at 415 nm and we calculated GSH concentration by comparison with the standard curve for GSH and expressed as µg mg -1 of protein.
Ethoxyresorufin-O-deethylase (EROD)
The EROD activity was determined according to Burke & Mayer (1974) , with spectrofluorimetric determination of resorufin resulting from the metabolism of the 7-ethoxyresorufin by EROD. A volume of 50 µL of sample and 200 µL of reaction solution (2.6 µM 7-ethoxy-resorufin, 0.1 M TRIS, 0.1 M NaCl, pH 7.5) were kept in a microplate and incubated for 5 min. After incubation, we added 10 µL of NADPH (2.6 mM). The fluorimeter measurement was at a wavelength of 530 nm (excitation) and 590 nm (emission) for 10 min at 27°C and the activity expressed as pmol min -1 . mg of protein -1 .
Glutathione S-transferase (GST)
The GST activity was determined based on the procedure described by Keen et al. (1976) . The reaction is due to the conjugation reaction of the 1-chloro-2,4-dinitrobenzene (CDNB) substrate with reduced glutathione (GSH), catalyzed by GST, forming a thioether. The supernatant (20 µL) was placed in microplate, immediately followed by 180 ml of reaction medium (3 mM GSH, 3 mM CDNB, 0.1 M potassium phosphate buffer, pH 6.5).The absorbance increase was measured at 340 nm and the activity expressed as nmol min -1 .mg of protein -1 .
Total protein quantification
The results from biochemical analyses were normalized to sample protein concentration through the Bradford method (1976). The calibration curve was obtained with bovine serum albumin as the standard.
We carried out the biochemical analyses on a BioTek ELx800 Absorbance Microplate Reader (BioTek Instruments, Inc.).
Statistical analysis
For statistical analysis, we applied the normality test Kolmogorov-Smirnov. For genetic data with no normal distribution, we used the non-parametric test Kruskal-Wallis, and then we compared treatments by Student-Newman-Keuls test. For biochemical assays, ANOVA One-way (Post-test: Test-t LSD) was applied to compare groups. A significance level of p<0.05 was set for all analysis. We performed a multivariate analysis to determine the principal components explaining the data variation.
RESULTS
The titanium dioxide powder was composed of 100% anatase, with a specific surface area (SSA) of 83.47 m 2 g -1
(provided by supplier), 107 nm average particle size, and the particles surface chemistry was 28.42% titanium and 71.58% oxygen. The main physical and chemical properties of the suspensions are in Table 1 .
We combined a set of biochemical biomarkers to assess the earliest cellular defense mechanisms triggered after chemicals exposure. In the groups treated with metals, Pb and Al, there was a general increase in the activity of all biochemical enzymes levels. The only exceptions were EROD under Pb exposure, and GST to Al.
In relation to the nanoparticles, the lowest concentration (NP1) reduced the activity of SOD and GST, and NP2 reduced SOD and GSH concentration. The NP3 dose alone did not change any of the biomarkers.
In co-exposure treatments of nanoparticles and metal, both GSH and GST decreased in NP1+Al and NP3+Al treatments. In general, we noticed attenuation in the differences of treated groups when compared to control. Usually, animals treated with mixed metal and nano-TiO2 did not differ from the negative control, in contrast with the group exposed only to metals. Metals do have a stronger ability to interfere in the biochemical enzymes. This can be clearly seen in the case of SOD, and predominantly, in the CAT and GPx (Table 2) .
EROD activity did not increase with Pb alone, but when it was associated with nano-TiO 2 in the lowest and highest concentration, the enzyme activity increased without a dosespecific pattern to nano-TiO 2 , but co-exposure caused an imbalance of activity of various biochemical biomarkers.
Nanoparticles by themselves did not induce DNA damage, whilst both metals did (Fig.2) .
Principal components analysis (PCA) is a qualitative demonstration of the combined data and it also shows data variation. For the first dataset (NC, NPs, Pb, and NPs+Pb) the two principal components contain 75.03% of the variation from the seven original variables (Fig. 3) . For the analysis including the aluminium and nanoparticles (NC, NPs, Al and NPs+Al), the two principal components contain 61.58% of the variation. In addition, the comet assay and the EROD activity were the most representative biomarkers in the study, as they explain the main components of the PCA (Fig. 4) .
DISCUSSION
We prepared three different suspensions, in three concentrations, to ensure that the volume injected in each animal were the same. Besides the agglomeration of the particles, which was elevated in the most concentrated suspension, all of them had an unstable Zeta potential (+30 mV > ζ > -30 mV). The magnitude of the Zeta potential indicates the degree of electrostatic repulsion between adjacent charged particles in a dispersion. If all the particles in suspension have low zeta potential values then there is no force to prevent the particles coming together and flocculating. Particles with zeta potentials more positive than +30mV or more negative than -30mV are normally considered stable (Malvern Instruments, 2005) . The Zeta potential is a key indicator of the stability of colloidal dispersions that also presented a heterogeneous size pattern (polydispersion percentage higher than 20%), so not all the particles had the same size, even though they were around a core peak.
The wide variability in the nanoparticle research findings may be due to different chemical characteristics of nano-TiO 2 as well as experimental design. It is why comparisons between physical-chemical characteristics and in vivo endpoints are important to assess the biological responses. The elevated average size of the agglomerated nanoparticles is due to multiple primary particles and aggregates joined together by Van der Waal forces (Fig. 1) . These particles can break off when the micro environment conditions change, for example, after the entrance of an organism. Small particles may be released from large clusters that could not enter cells easily, eventually causing undesirable effects (US FDA, 2014).
Available scientific information does not establish a uniform upper boundary above 100 nm, where novel properties and phenomena similar to those seen in materials with dimensions in the nanoscale range cease. For this reason, Food and Drug Administration-FDA finds it reasonable to consider evaluation of materials with dimensions up to 1,000 nm, as a mean to screen material for further examination and to determine whether these materials exhibit characteristics related to the application of nanotechnology (US FDA, 2014).
However, it is important to note it is a somewhat arbitrary size cut off from the ecotoxicity bias. It might be prudent to consider aggregates of NPs that can be a few hundred nanometers wide (Federici et al., 2007) , or with a distribution of particles around the nanoscale, but having some primary particles larger than 100 nm .
Regarding the particle size, all the NPs suspensions prepared had an average size higher than 100 nm, while the most concentrated had two peaks, both higher than 1,000 nm. Adverse effects at sublethal concentrations is extremely important in environmental assessment, since it may generate a cascade effect with consequences at the individual level, community, up to the ecosystem (Wu at al., 2016) .
Biochemical biomarkers offer the advantage of detection potentially toxic exposure well before adverse effects occur. In this study, several endpoints were included to understand the toxicological aspects of nano-TiO 2 and their interaction with metal compounds. Metals are substances with known toxic potential and because some biomarkers are highly sensitive, such change was expected. In relation to the nanoparticles, the biochemical endpoints were more affected by the low concentrations (NP1 and NP2), possibly because the size of some particles in the suspension was tiny. The highest concentration of nanoparticle did not interfere in the biochemical enzymes; it must be due to the size of the particles, which were predominantly greater at this concentration than at any other (Table 1) . This confirms the fact that the aggregates size has a direct influence on biological responses.
Superoxide dismutase (SOD) is an essential metaloenzyme to the antioxidant defense system as it catalyzes the dismutation of the superoxide radical (-O 2 ) to form hydrogen peroxide (H 2 O 2 ). In addition, both the GST and GSH are important at antioxidant defense, removing oxygen radicals and reactivating intermediates, protecting cells against oxidative damage.
GSH can react with oxidant species well before they interact with macromolecules (Pompella et al., 2003) . GSH and GST decreased in some co-exposure treatments, and this can be explained by the use of GSH as a cofactor of GST in cellular dynamics, as GST catalyses the conjugation of glutathione with xenobiotics (Jemec et al., 2010) , thereby decreasing the compound. Therefore, a non-enzymatic cofactor can lead to a decrease of the enzyme that the cofactor is associated. Thus, the decrease of these biochemical biomarkers after exposure to nano-TiO 2 indicates a possible negative effect on the fish defenses to xenobiotics. Still, the reduction in enzyme activity can occur by binding of NPs or metabolites to these proteins.
Catalase decomposes the hydrogen peroxide, which is more stable than the superoxide anion, but it can also cause cell damage by ROS. Some of the H 2 O 2 is produce by the cell through SOD, so when the SOD activity reduces, consequently, the activity of CAT is diminished or kept constant, due to less hydrogen peroxide being available to be decomposed by CAT.
Early contamination biomarkers are important because they respond in subcellular level and at the expense of any imbalance of homeostasis and physiological instability, even by low doses of chemical contamination. In ecotoxicological research, biochemical biomarkers are considered the most promising tool for such purposes, being early indicators for environmental disturbances, with quick response to stress.
The metabolic transformation of chemicals within the organisms is fundamental to change the compound biological activity and, as a result, decrease or increase chemical-cell interaction. Biotransformation includes numerous different enzymatic systems, which act over a variety of substracts. The main set of enzymes related with early biotransformation reactions-phase I-are the flavoprotein monooxygenases and heme proteins. On the other hand, phase II reactions can be used to infer both exposure and effect, since a variety of xenobiotics can modify their activity (Sies, 1999) .
In a study where carps (Cyprinus carpio) were exposed to 100 and 200 mg L -1 of nano-TiO 2 , the treatment caused statistically significant decrease in SOD and CAT, suggesting that the fish exposed to these NPs suffered from oxidative stress (Linhua et al., 2009) . Furthermore, Federici et al.
(2007) measured nano-TiO 2 toxicity to rainbow trout after 14 days of exposure; it caused significant increases in the total glutathione levels in the gills and significant decreases in Na + K + -ATPase activity. They also related depletion of hepatic glutathione compared to controls, and some hepatocytes showed condensed nuclear bodies, indicating apoptosis.
In this study, nano-TiO 2 did not increase DNA damage, which indicates absence of genotoxicity in the tested doses under our tested conditions although different effects may be observed with different NP doses or exposures. As an example, Vignardi et al. (2015) exposed the marine fish Trachinotus carolinus, by intraperitoneal injection, to 1.5 and 3.0 μg g -1 nano-TiO 2, and the results indicated genotoxicity and potentially cytotoxicity. Xiong et al. (2011) studied the acute toxicity and oxidative effects of nano-scale titanium dioxide and their bulk counterparts in zebrafish. They have found that although the size distribution of nanoparticles was similar to bulk particles in suspension, the acute toxicity of the nano-TiO 2 to zebrafish was greater than of the bulk material, especially through a great generation of ·OH, while bulk particles were essentially nontoxic. Like in this study, the highest dose of NPs tested had in his colloidal suspension particles of large size (>1,000 nm), and probably because of that, the effects were bland. Although not considered as bulk yet, it is remarkable that the increase in particle size has a direct influence on the reduction of toxicity, as the hazard of some metallic NPs might be different to the traditional dissolved forms of metals .
In the natural environment, there are many different compounds and most of them are present at low concentrations. The considerable raising concerns over toxicity is particularly essential when they are present as components of complex mixtures. Adverse effects would be caused not only by the nanomaterials themselves, but also to the capacity of NPs to modify bioavailability of other toxic pollutants such as heavy metals and toxic organic compounds (Rossi et al., 2014) .
There is evidence of "delivery effects" when the metal is present as a co-contaminant with a nanoparticle. This is related to the ability of metals to adsorb to the surface of some negatively charged NPs . Other studies have shown that the presence of nano-TiO 2 may elevate the absorption of other contaminants in fish. For example, Zhang et al. (2007) exposed carps to cadmium for 25 days in the presence of nano-TiO 2 and found that the fish accumulated 146% more Cd compared to fish exposed only to Cd.
In the same way, TiO 2 nanoparticles had a significant adsorption capacity for Arsenic. Sun et al. (2007) exposed carp to the metalloid arsenic-As (V) in the presence of nanoTiO 2, and fish accumulated 132% more As than the treatment without nanoparticles. Most importantly, besides the enhanced metal accumulation when associated with TiO 2 , the contaminants generally are able to interact and to alter some biomarkers. Rossi et al. (2014) also assessed the modulatory effect of nano-TiO 2 on Pb and they have found hepatic and neural effects over the fish Hoplias malabaricus. Reeves et al. (2008) evaluated the in vitro cytotoxic and genotoxic potential effects of TiO 2 nanoparticles on goldfish skin cells (GFSk-S1) treated with 1.0, 10 and 100 µg ml −1 nanoTiO 2 for only 24 hours. They have found that all doses caused significant increases in oxidative DNA damage. Therefore, for these fish cells, the nanoparticles were in fact genotoxic, but they could not conclude which sort of radical species was responsible for the DNA break effects, although it appears to be likely the ·OH. Accordingly, fish cells are generally more susceptible to toxic/oxidative injury than similarly treated mammalian cells.
Vevers & Jha (2008) also confirmed intrinsic genotoxic and cytotoxic potential of TiO 2 ENPs by the induction of DNA strand breaks, including oxidative damage to the DNA, and lysosomal membrane integrity in a metabolically competent fish cell line derived from rainbow trout (Oncorhyncus mykiss) gonadal tissue. It corroborates the evidence that fish cell lines can also provide important information on nanoparticles possible adverse effects.
In ecotoxicological studies, it is important to apply general and holistic approaches to evaluate biological responses to contaminants. A battery of biomarkers from different levels of biological organization can adequately identify hazard, and this is because the organisms used in the studies offer several endpoints that depend on their sensitivity, on the mode of action of the tested compounds, and time of exposure (Jemec et al., 2010) . A degree of ambiguity or inconclusiveness is inherent in some findings from certain assays as applied to nanosystems, sometimes due to intrinsic challenges associated with the analysis of nanomaterials (Jones & Grainger, 2009 ).
We used PCA to find patterns in the dataset and provide a concise approach and simple visualization of the data obtained from a large number of variables and measurements. We combined a set of data including the groups exposed to nanoparticles and mixed with each metal (Pb or Al). In the first situation, all biomarkers pointed out to the Pb direction in the data distribution, independently of the TiO 2 nanoparticles. All and every treatment containing Pb tends to cause the grouping of the data. In this general context, the nanoparticles seems not to be greatly relevant considering this overview created by a multivariate analysis, corroborating the weak toxicity of this compound found out during the tests. The fact that the main components were representative for an expressive percentage of variation is interesting because it demonstrated the low variability among the collected data. For the analysis including the aluminium and nanoparticles, again all the biomarkers tend to direct to the treatments including the Al. Then, as expected, the metals disturbed the animals' metabolism, and nano-TiO 2 did not really interfered in the process.
CONCLUSION
Nano-TiO 2 was not genotoxic to the fish Hoplias intermedius when evaluated by the comet assay in the experimental conditions, although in co-exposure it was able to change the levels of some important biochemical biomarkers compared to the control or metals exposure.
Interactions among nanoparticles and other contaminants present in complex mixtures may be harmful by depleting the cellular defenses or restrain the detoxification mechanisms from functioning properly, at least in the studied fish.
